New conductor pastes have made possible great improvements in the loss characteristics of thick film microwave integrated circuits. This paper presents data on the microwave characteristics of transmission structures made from newly developed copper, silver and gold conductor pastes on alumina and garnet substrates. The resistivity and microstructure for each conductor material was examined for correlation with microwave properties. These data show that thick film circuits can give excellent performance through 18 GHz.
INTRODUCTION
It is well known that thick film circuits can provide significant cost advantages over thin film circuits.
Until recently, however, thin film has been the dominant technology for microwave integrated circuits. This is due in part to the many comparative studies of the microwave losses of thick and thin film conductors which have generally
shown that above about 4 GHz, thin films are much less lossy. 2 Figure 5 . Theoretically, the loss of a bulk metal microstrip line is proportional to the square root of frequency. 7 The rapid rise of our data at higher frequencies does not agree with the theory. The mechanism causing this extra loss in thin-film microstrip is generally attributed to radiation or surface wave generation. [8] [9] Another contributing factor in molecularly bonded thick film is conduction in the reactive layer which bonds the metallization to the substrate. To determine the elements involved in one type of reactive bond, mercury was used to remove Dupont 4019 gold which had been fixed on an unpolished alumina substrate. Figure 6 shows a scanning electron micrograph of the substrate with the metallization removed. Utilizing energy dispersive X-ray analysis technique, the elements bismuth and cadmium were found on the substrate surface. 
